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Pyrotechnic shock d a t a  have been obtained from a survey of the  aerospace indus t ry  
and government agencies.  
p i l e d  and ca tegor ized  according to type of  pyro technic  device  and s t r u c t u r e .  These 
d a t a  were analyzed t o  provide a reference. document and e s t a b l i s h  guide l ines  f o r  de- 
s i g n i n g  and t e s t i n g  t o  the  pyrotechnic shock environment. 

This  paper p re sen t s  a summary of t h e  t o t a l  program and a d iscuss ion  of pyrotechnic 
test s imula t ion  techniques.  Fur ther  r e s u l t s  from the  s tudy ,  i nc lud ing  gu ide l ines  
f o r  design and f o r  p r e d i c t i n g  shock environments, a r e  presented i n  a paper by 
Dr. Plichael B. WcGrath, e n t i t l e d  "A Discussion of Pyro technic  Shock Criteria" du r ing  
t h e  41s t  Shock and Vibra t ion  Synlposium. 

Over 2800 measurements from 30 con t r ibu to r s  have been com- 

INTRODUCTION 

Pyrotechnic shock is perhaps t h e  l e a s t  un- 
derstood of t he  dynamic environments assoc ia ted  
with the  opera t ion  of aerospace vehic les  and 
components. To d a t e ,  the  problem of p red ic t ing  
or even adequately expla in ing  pyrotechnic shock 
has  de f i ed  s o l u t i o n  by r igorous  mathematical 
t rea tments .  P red ic t ion  of t he  environment and 
t e s t i n g  techniques a r e  c u r r e n t l y  based primar- 
ily on empi r i ca l  uethods. Recent observations 
showed t h a t  r e l i a b l e  d a t a  were widely s c a t t e r e d  
among many companies and agencies ,  and t h a t  
t e s t i n g  technology was not  openly discussed be- 
tween organiza t ions .  Therefore ,  t he  Goddard 
Space F l i g h t  Center,  recogniz ing  t h a t  a l a r g e  
amount of d a t a  B x i s t e d  i n  the indus t ry ,  spon- 
sored a program t o  c o l l e c t  and ca tegor ize  these  
d a t a  and e s t a b l i s h  gu ide l ines  f o r  designinp 
structure and equipment t o  t h e  pyrotechnic 
shock environment. The  s t u d y  was performed by 
t h e  Xar t in  Mar ie t ta  co rpora t ion  under Cont rac ts  
h'AS5-15208 and NASS-21241. 

. 

The s p e c i f i c  (asks performed i n  the course  
. . of the  program were: 

A. Compilation of "reduccd" pyrotechnic 
shock d a t a  representaLive  of aerospace 
s y s  tems . 

B. Def in i t i on  of d i s t i n c t i v e  cha rac t e r i s -  
. -  -- . 

C. 

I?. 

E. 
3 .  

F. 

G. 

H. 

I. 

J .  

K. 

Evaluation of t he  "qual i ty"  of t yp i -  
c a l l y  a v a i l a b l e  pyrotechnic shock da ta .  

Recommendation of measurement systems 
f o r  ground test and f l i g h t .  

f i n  
e t  
m. 

Recommendation of test sirnulati 
techniques.  

C l a s s i f i c a t i o n  of pyrotechnic  systems 
according t o  the  na tu re  of r e s u l t i n g  
shock and damaging e f f e c t s  . 
Evaluation of e f f e c t s  of s t r u c t u r a l  
conf igura t ions  and ma te r i a l s  on re- 
SUI t i n g  shock c h a r a c t e r i s t i c s .  

Formulation of a follow-on research  
program. 

Appl ica t ion  of shock propagation the- 
ory  to  a t  l e a s t  one c l a s s  of pyrotech- I 
n i c  sys tems compiled i n  t a sk  C and I 
comparison of r e s u l t s  wi th  measured I 
da ta .  

Perforirwnce of a ground t e s t  program 
uslng f u l l  s c a l e  l i t a n  111 s t r u c t u r e  I 
to provide s p e c i f i c  i n f o r r a t i o n  t h a t  
w i l l  a id  i n  the  understanding of b a s i c  
p y r o t k l i n i r  shock t r a n s i e n t  phcnor.ena . , 
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L, Invcsti j intion of the  e f f e c t s  of mass 
loading on t h e  pyrotechnic shock en- 
vironment. 

A cozple te  desc r ip t ion  of each of these 
tasks and the r e s u l t s  have been published i n  a 
s i x  volune repor t  [ I ] .  This paper p rc scn t s  a 
b r i e f  desc r ip t ion  of r e s u l t s  of s e l cc t ed  tasks 
with emphasis on tes t  s imula t ion  of pyrotechnic 
elwck. 

DATA CO?1PlLATLOX k ! D  CATEGOKIZATIOX 

Over 2800 pyrotechnic shock measurements 
were ronpilcd and ca tegor ized  according to the 
type  of device and type of s t r u c t u r e  thrcugh 
uliich t!ie shocks propagated gs l i s t e d  i n  Table 
1. Each wasuremcnt is presented i n  PlCR-69- 
611 [ l )  showing the a c c e l e r a t i o n  t i m e  h i s tozy ,  
the  shock spectrum (us ing  a s tandard  format 
wi th  an ana lys i s  Q of 10 f o r  most cases} ana a 
drawing showing s t r u c t u r a l  conf igura t ion  in-  
cluding the  loca t ions  of t h e  pyrotechnic device 
and LIIC transducers.  

Table 1. Out l ine  of  Data C l a s s i f i c a t i o n  

A. St ruc tu re  c u t t i n g  charges (mild de tona t ing  
fur;c?, f l e x i b l e  l i n e a r  shaped charge, 
p r imchord .  e t c . }  - 1. Skin-ring-frame s t r u c t u r e  

2. T r u s s  s t r u c t u r e  

3. Other s t r u c t u r e  

1. Explosive nuts  and b o l t s  

1. Skin-ring-frame s t r u c t u r e  

2. -Truss sLruc ture  

3. G i l l e l  5 l r U L t U r r  

b o l t  c u t t e r s ,  c a b l e  c u t t e r s ,  e t c . )  

1. Skin-ring-frame s t r u c t u r e  

2. Truss s t r u c t u r e  

3. Other s t r u c t u r e  

U. Space Vehicle test d a t a  

E. f l i g h t  measurements 

C. Car t r idge  ac tua ted  devices (pin p u l l e r s ,  

CtUUCTERISTICS OF PYROTECHNIC SHOCK TRANSIENTS 

The compiled pyrotechnic shock da ta  were 
used t c  determine d i s t i n c t i v e  c h a r a c t e r i s t i c s  
of t h e  shock t r a n s i e n t s  inc luding  propagation 
v e l o c i t y ,  frequency content ,  and a t t enua t ion  
of m p l i t u d e  wi th  d i s t ance .  

The propagation ve loc i ty  was measured for  
s e v e r a l  d i f f e r e n t  s t r u c t u r e s .  Ve loc i t i e s  cor- 
responding t o  both compressional and shear  
yaves were found t o  erist i n  t h e  measured data. 
!;ear the  shock source,  t he  acce le ra t ion  t i ne  
histories a r e  cha rac t e r i zed  by high amplitude, 
high frequency conplex waves. As t he  d is tance  
between the  shock source  and t h e  measurenent 
l o c a t i o n  inc reases ,  t h e  high frequency energy 

is rap id ly  a t t enua ted ,  and s t r u c t u r a l  reso- 
nances begin t o  con t ro l  the  shock spectrum. 
The e f f e c t  is i l l u s t r a t e d  by the  shock s p e c t r a  
i n  F ig .  1. I t  should be recognized t h a t  acce l -  
e ronc ter .  i n s t a l l a t i o n s  can s e r i o u s l y  in f luence  
the  ncasurcd d a t a ,  p a r t i c u l a r l y  a t  l oca t ions  
near t h e  shock source.  The e f f e c t  on t rans-  
ducer resonance frequency of s e v e r a l  mounting 
i n s t a l l a t i o n s  has been inves t iga t ed  by Rasanen 
[ 2 ] .  This  work ind ica t ed  tha t  t h e  use of a lu-  
minum blocks f o r  accelerometer i n s t a l l a t i o n s  
could love r  t he  mounted resonance frequency by 
a f a c t o r  of 2 t o  3 from the  t ransducer  reso- 
nance s p e c i f i e d  by the  manufacturer. 

rrrqueary I 0.1 (US) 

Fig. 1 - Comparison of shock s p e c t r a  a t  va r ious  
propagation d i s t ances  

DAMAGE EFFECTS 

Information concerning damage e f f e c t s  re- 
l a t e d  t o  shock amplitude is extremely l imi t ed  
because of l ack  of documented f i i l u r e  h i s t o -  
ries. One of t he  perp lex ing  a spec t s  of t h i s  
s tudy  was t h a t  i n  s p i t e  of t h e  magnitude of 
t h e  survey and the  response i n  con t r ibu t ion  of 
da t a ,  only 29 miscellaneous anomalies and 17 
cases of r e l ay  c h a t t e r  were repor ted .  
resul t ,  methods f o r  r e l a t i n g  pyrotechnic shock 
damage p o t e n t i a l  wi th  s t r u c t u r e  and equiprcent 
f r a g i l i t y  l e v e l s  do not e x i s t ,  al though some 
pre l iminary  informat ion  i n d i c a t e s  shock veloc- 
i t y  may be a s i g n i f i c a n t  parameter. 

As a 

. 
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Generally,  s t r u c t u r a l  failures a re  confinctl 
t o  smal l  f i t t i n g s ,  b racke ts ,  bonds, and c lec-  
t r i c a l  connectors t o  smal l  corrponcnts s u c ! ~  as 
diodes  and t r a n s i s t o r s .  Most damage e f i c c t s  
are seen  i n  cquipriciit ml func t io l r  such ns cltat- 
ter  o r  t ra i i s fe r  o i  r c ldys  and switches,  [re- 
quency s h i f t  i n  subca r r i e r  o s c i l l a t o r s ,  and 
t r a n s i e n t s  induced i n  s i g n a l  outputs.  
t he  des ign  def ic iency  or workmanship problem 
is q u i t e  simple t o  co r rec t .  This  charac te r -  
i s t i c  may make t h e  anomalies appear i n s i g n i f f -  
can t ,  e s p e c i a l l y  i n  the  developmnt p l m s e ,  and 
may p a r t i a l l y  expla in  t h e  small number of re- 
por ted  problems. 

Llsually, 

TEST SINULATION 

The test f i r i n g  of pyrotechnic system may 
be pertormed f o r  many reasons.  For those in- 
t e r e s t e d  i n  the  shock environment, the  pyro- 
technic  f i r i n g  may be  used a s  an equipment 
q u a l i f i c a t i o n  tes t  or may be  the  source of  d a t a  
from which ind iv idua l  equipment shock spec i f  i- 
c a t i o n s  may be  derived. 
test s p e c i f i c a t i o n s  a r e  implemented us ing  a 
v a r j e t y  of s imula t ion  techniques,  inc luding  
conventional shock machines based on pu l se  
shape reproduct ion ,  electrodynamic shakers  con- 
t r o l l e d  by syn thes i s / ana lys i s  hardware, and, t o  
a lesser degree,  a i r f rame type test beds ex- 
c i t e d  by explos ive  charges. 

Ind iv idua l  equipment 

Ful l -scale  q u a l i f i c a t i o n  and f l i g h t  accept- 
ance tests of many SASA spacec ra f t  a re  per- 
formed by detonat ion of t he  a c t u a l  pyrotechnic 
devices  i n  an  i n s t a l l a t i o n  incorpora t ing  a c t u a l  
s t r u c t u r e .  A margin of s a f e t y  i n  number of 
stresses appl ied  can be  obtained by simply re- 
pea t ing  t h e  events  a s  many t i n e s  as  des i red .  
i i v N c v c - i ,  a mar&iii uT a d f a t y  i n  SituLX a , i p i i t u d e  
is  no t  achieved and, furthermore,  r e p e t i t i o n  of 
some even t s ,  such as shroud sepa ra t ion ,  can be  
extremely expensive.  

' 

A ground tes t  program w a s  conducted to ga in  
some i n s i g h t  i n t o  the  degree of  s t r u c t u r a l  s i m -  
u l a t i o n  requi red  for f u l l  s c a l e  tes ts  and to 
determine whether o r  no t  one could achieve a 
margin of s a f e t y  by proper i n s t a l l a t i o n  of  t h e  
t es t  hardware. 

A test series was conducted on the fol lowing 
conf igura t ions :  

A. Payload t r u s s  a t t ached  to Ti tan  IIIC 
Transtage S k i r t  (Baseline Configura- 
t ion) ; 

B. Payload t r u s s  f r e e l y  suspended; 

C. Payload t r u s s  a t t ached  to r ig id  suppor t  
f i x t u r e ;  

I). Payload t r u s s  a t t ached  to rlianncl adap- 
ters (,Idaptcrs were designed to  s imula t e  
t h e  l o n g i t d i n a l  s t i f t n e s s  of tlic pay- 
load s k i r t ) .  

. -- 

Photograplis of the fou r  configuratioiis  .ire sliown 
i n  Fig. 2-5. Accclerornctcr l o r n t i c ~ n s  on Lhc 
payload t r u s s  3re shown in Fig. C .  i:x;in,plcs of 
thc average shock spectra ohtai iwd a t  l oca t ions  
7-and 8 ( s n t ~ * l l i t c  mounting poin ts )  for  the  fou r  
d i f f e r c n t  configuraLiuiis ar t -  s l i c w n  i n  big.  7 and 
8. Comparison or tlicsc d a t a  indic.i tcs tha t  t he  
use of  t he  simple clianiicl adap te r s  t o  s imula t e  

reasonable,  conserva t ive  tes t  of the  s a t c l l i t e .  
The r e s u l t s ,  al though inconclus ive ,  a r e  encour- 
ag ing  bccausc they i n d i c a t e  that i t  m y  iiot be 
necessary to always inc lude  an expensive. com- 
p lex  s t r u c t u r e  i n  f u l l  s c a l e  t e s t i n g .  

. the t r ans t age  s k i r t  s t r u c t u r e  would provide a 

( <  ..-- ... . c . -  . . -.. 
. I  

Fig. 2 - 7 t . s ~  configuration i - paytoad 
t r u s s  i n s t a l l e d  on t r ans t age  
s k i r t  

Fig. 3 - TCSL coniisur. i t ion 11 - payload 
t r u s s  f r e e l y  suspended 



. .  . 

I 

Fig. 4 - Test  configuration 111 - payload truss  
attached to r i g i d  support f i x t u r e  

g. 6 - Payload truss  and measurement l o c a t i o n s  

, 

Fig. 5 - Test configuration It' - payload truss  
- attached to channel adapters 
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Fig. 7 - Shock spec tra  comparison for configu- 
r a t i o n s  a t  loca t ion  7 ,  l ong i tud ina l  a x i s  



rrepumct (Id 

Fig. 8 - Shock s p e c t r a  comparison f o r  test con- ' 
f i g u r a t i o n s  a t  l o c a t i o n  8, l ong i tud ina l  
a x i s  

MASS LOADING EFFECTS 

A test 2nd a n a l y s i s  program was conducted 
t o  determine t h e  e f f e c t  of weight v a r i a t i o n s  i n  
mounted subassemblies on the  pyrotechnic shock 
environment. The e f f e c t ,  f o r  both s ing le  and 
d i s t r i b u t e d  mass loading ,  was evaluated a t  t h e  
i n t e r f a c e  of t h e  subassembly and t h e  mounting 
s t r u c t u r e  f o r  two types of s t r u c t u r e s :  

A. Airframe, s k i n  and s t r i n g e r  construc- 

B. Truss  s t r u c t u r e .  

t ion  ; 

F i n a l  r e s u l t s  of t h i s  s tudy  are n o t  complete. 
However, p re l iminary  r e s u l t s  from the  s i n g l e  
mass l oad ing  tests are presented. 

A f u l l  scale s k i r t  and t r u s s  s t r u c t u r e  w a s  
used as t h e  test f i x t u r e .  Pro to type  components 
were i n s t a l l e d  on the  a i r f r ame  and on t h e  t r u s s  
as shown i n  Fig. 9 and high frequency acceler- 
ometers were i n s t a l l e d  i n  a t r i a x i a l  configura- 
t i o n  a t  component mounting po in t s .  Changes i n  
weights  of t h e  two components were accomplished 
by t h e  a d d i t i o n  of sma l l  steel p l a t e s  d i s t r i b -  
u ted  throughout t he  equipment chass i s  (Fig.  10) 
t o  s imula t e  e l e c t r o n i c  nodules.  
t h e  weight conf igu ra t ions  tested is  given i n  
Table 2. 

A suuunary of 

- 

Fig. 9 - Locat ions  of equipment i n s t a l l a t i o n s  
and shock source  

-.., 
Y 

Pig. 1 0  - Component A showing i n s t a l l a t i o n  of 
Weight 

*Note: - The t o t a l  weight of t h e  t r u s s  and 
s k i r t  was 485 l b .  

The pyro technic  shock source  cons is ted  of 
a b l a s t i n g  cap and 50 g r a i n s  of RDX exp los ive  
contained i n  a smal l  p l a s t i c  v i a l .  
vas  i n s e r t e d  i n  a steel r ecep tac l e  bo l t ed  t o  a 
longeron. This r e l a t i v e l y  iuexpensive device 
produced e x c e l l e n t  r e p e a t a b i l i t y  and provided 
an adequate s imula t ion  of t y p i c a l  d a t a  f r m  
x d n a n c e  devices  used i n  t h e  aerospace in- 
dus t ry .  

The v i a l  
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The t ape  recorded shock t r a n s i e n t s  were 
d i g i t i z e d  ( 1 0 0 , ~ O ~  samples/scc) and shock spec- 
t r u m  analyses were performed. 
c ra  were normslizcd t o  a r e fe rcnce  accelerom- 
eLcr loca t ion  and comparison p l o t s  made f o r  
t he  d i f f e r e n t  weight conf igu ra t ions .  
p l e  of the  results is shoQn i n  Fig. 11. 

The shock spec- 

An exam- 

...- 
1q“..r, (1.1 

Fig. 11 - Comparison of normalized shock s p e c t r a  
* f o r  d i f f e r e n t  component weights 

The pre l iminary  results of t h j s  s tudy  in- 
d i c a t e  t h a t  t he  primary e f f e c t  on the  shock en- 
vironment occurs when an  equipment item is in- 
s t a l l e d  on a previous ly  unloaded s t r u c t u r e .  
For t h e  s t r u c t u r e  and conponent weights ana- 
lyzed i n  t h i s  s tudy ,  i nc reas ing  the  component 
weight by a f a c t o r  of 2 o r  4 h a s  r e l a t i v e l y  
l i t t l e  e f f e c t  on the  shock environment a t  the 
mounting po in t .  

CGWCLiiSiOdS AN9 KECO.~ltNDATLOhTS 

The aerospace indus t ry  is p r e s e n t l y  using 
a v a r i e t y  of t e s t i n g  techniques  t o  simulate py- 
ro t echn ic  shock, most of which assume t h a t  du- 
p l i c a t i o n  of the shock spectrum rep resen t s  an 
adequate test. 
which parameters are r e l a t e d  t o  damage poten- 
t i a l .  Addi t iona l  e f f o r t s  a r e  needed t o  accumu- 
la te  and d isseminate  f a i l u r e  information and to 
e s t a b l i s h  s tandard ized  methods f o r  shock test- 
ing .  U n t i l  such information i s  a v a i l a b l e  i t  is 
recommended t h a t  t he  t e s t  methods used  s i m u -  
l a te  t h e  shock wave form as well a s  t h e  shock 
spectrum. When this is impossible,  t h e  nex t  

It is not c l e a r l y  understood 

~ .... . 
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DISC USSTON 

__ hlr. __ %ell _ _  - ~ic:ilirinv - _. - ArscwIJ: -- I thiilli most of us 
recti t h t  ~ I I C  s1inc.k q ~ ~ ~ ~ t r u n ~  is :I pw11y \ I S P ~ I I I  tool 
for Riving R f w l  for thr rcl:itivc* scvcrity of differcnt 
shock pulses of \sitIcly clirfcrcnt charactcr. But I 
\vontlcr if pcrh:ips tlic cniph:isis on prcscnting actual 
data, a~id i n  trying to :1na1> ze the data in tcrins of 
shock spectra h:is not aclu;illy crrntcd a clouding or 
aii obfusc at ion that act u ally c*onipl ic:itc s nnnl y si  s. If 
thcsc tlatii lind not bccir i n  :I Fouricr spcctriini typc of 
presentation would not thc cffcct of frccliicncy on 
attcnuation, or the cffcct o l  structural niodcs bc much 
niorc easily annlyzed? 1'crh:tps tlic time tias conic 
wlicli the* shock spectrum should bc used-more as a n  
eng i ne e r i  ng tool. 

-____ hlr. Itadcr: If I understand correctly - you arc 
suggesting that the Fouricr spcctruni may give inore 
basic engincw-ing information thaw docs tlic shock 
spcctruni. Is that right? 

hlr. ~- Zell: Yes. The cffccts of frequency on 

cvaluatctl. In tcrms of analyzing what is actu:dly 
happening, it sccnis that by having the d;zta in terms 
of a shock spectrum, which is a nicthod of looking at 
it through a certain type of colored glasses for convc- 
niencc s:ikc. this t>lie of basic annlysis actually 
clouds the issue rather than clarifies it. 

. nttcniialion :md mode sli:rpc*s might be niorc csasily . 

. 
Nr. Radcr: During the eoursc of this program 

one of ihc tasks was a coinparison of Fouricr spcctrn 
V C ~ S I I S  standard shock spectra. Thc Fouricr spectra 
gavc csscntially no more information than the shock 
spectra for the complcs waves that arc gcncrated by 
pyrotechnic shock dcviccs. This is not true for 
siniplc !xrlscs since thc I~ourier and the shock 
spectra can hc quite different. 
waves that one sees i n  typical pyrotechnic shock tlc- 
viccs tlir Fourirr and shock spectra yirltlctl cs- 
sentially thc same infornintion in our espcricnr*c. 

nIr. %ell: The various analysis methods for 

But for the* complex 

-- 
clctcniiining structural properties ~ such as mcchani- 
c d  inipcd:mcc and trmsniissibility as .a function of 
fi-ecluency, cannot tic applied directly to a shock 
spectrum in data that is gciierxlly acquircd i n  the 
coursc of a dcvclopnicnt and test program on a par- 
ticular structure. 

- 

hIr, Radcr: Yes, I think that is a good point. 
- -  I ~ o t v & e T , ~ i  as I mentioned in the introduction, 

the tlcfinition of, or even adccpatcly explaining pyro- 
technic shock analytically has just not hccn possil,le 
to date. Hopefully this will bc a sulijcct for futurc 
cxsniination, perhaps the Fourier spdctruni may be 
more useful to relate to structural parainctcrs. 

hlr. S ~ ~ i ~ \ - ( i ~ ~ ~ ~ - ~ ~ ~ ~ s p . ~ ( , ~  coflp-r:!tLyi): Sowc 
tikic'-G<i I M I  ~to~ici-ts d i t 1  :I niorc i\i~cicst study s ~ p -  
gcst ing that tlic shock spectrum sliowcd :in additional 
characteristic at tlic lo\v frcqucncy end which tcndcd 
to bc niorc of a coilstant displ:iccmcnt typc of be- 
havior, and l noticed that porhxps this was present 
i n  sonic of your CUI'VCR. I t  i s  iiiiportant I think to 
know uhrrc. the constant sclocity linc is likcly to be- 
conic innpplicnblc at thc low frcclucncy cnd. Do you 
have a short obscrvatioii on that? 

hlr. hlcCr@: Wc werc in corrcspondence with 
Bill Rol>cils nntl wc loolied for this characteristic of 
a constail displncciiirnt linc at n very low frcriucncy, 
but quite oftcn the> data confuses thr issuo at very low 
frcquencics bcc;msc of faulty tccliniyucs of obtaining 
Ihc spectrum. We found that thu constant accclcrdion 
lincs, constant velocity lines, constant displsceiiient, 
just did not lead to any dclinitc results that we could 
scc. Thc constant velocity lincs that WP are referring 
to arc almost a sulijcctivc approximation in the low 
frrclucncy rangc, which wight go from approximatclp 
100 IIz up to RS high as a thousand Iiz. This is what 
wc obscrscd. Soincone else might obscrve sonic- 
thing else, but it probably takes a spccific type of a 
data reduction. 

hlr. Smith: It scciiis to nic that probably within 
all of these data thcre may IE another importan# piece 
of data that is rccpired; and that is, with rcspcct to 
thc various c1;issifications of structure 'and distancc 
from the sourcc, to what sor t  of bounds on tI:c mass  
would you cspcct to apply the accelcration data in 
attcnipting to apply ~hrs in a realistic.dcsign sensc? 
Obviously one niight bc happy to apply sonic particu- 
lar valuc of accclcration to a 2 p<Jund n i s s  undcr 
S O I ~ U  circumstmcc aid iicvcr drciiiii 0: doing thc samc 
thing with a 100 pound inass. There i s  somc boundary 
somewvlicre that I think inight be dcvelopsblc from all 
this inforriiation. If I want to usc  your cun-cs of 
acceleration against dist:ince from some source, for 
how 1,argc an item or how heavy an itcm, are they 
applicable ? 

311.. Rndcr: 'I'hc curvcs prescntcd by Dr. 
NcGrath iscrc tlcvclopcd on a numbcr of different 
typcs of structurcs including spacecraft boostcr 
skirt structure, coniplcs t r u s s  structurcs and the 
like. So \\*e fccl that thc CUIWS :ire applicable for 
typical aerospxc  structures as they esist today. The 
effect of iiiass loading from thc prcliininary work . 

which was shown hclre esscniidly has w r y  little 
cffcct on the shock cnvironnwnt ;is show1 in thc last 
slide. Oncc thc component is instnllrrl  on thc struc- 
ture or on thr truss, this constitute-s t l i r  major cffrct 
on the shock envi  roniiient. Ch:uiging t1i:it wight by a 
f:ictor of 2 or  .I h:itl pr:ic*tic:illy no c*ffl*rt 011 111c b:Isic 
shock spl'ctrllm. 


